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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Technology Center for the U.S. Department of Transportation, 
Transportation Systems Center, Energy Technology Branch, Cambridge, MA, 
presents results of experimental work to obtain information on performance 
characteristics of an engine used in automobiles sold in the United States. 
The engine used in this work is one of a series of 15 engines to be tested 
in the current program. This is the second of the reports to be published 
covering work with those engines. 


This project is funded by the National Highway Traffic Safety Admin- 
istration, Office of Research and Development, Office of Passenger Vehicle 
Research, Technology Assessment Division. 


James A. Kidd, Jr. and Ralph G. Colello of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service and 
duty. The intent of this work done at Bartlesville Energy Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of fuel consumption and emissions involving 
ground transportation. 


The data acquired from tests of a 1978 Pontiac 301 CID engine are 
presented in this report. This engine was intended for use in a 1978 
forty-nine state (Federal) vehicle equipped with automatic transmission. 
Pontiac uses the 301 CID engine in vehicles in the 3,500 to 4,500 1b 
weight class. The test results are sufficient to establish steady-state 
maps for fuel consumption and emissions (carbon monoxide, unburned hydro- 
carbon, and oxides of nitrogen) over the entire operating range of the 
engine. 


2. VENGINEAREST 7RERORM 


The engine test set-up included a complete mean-tolerance engine 
(SAE definition) coupled to an eddy current dynamometer. A cooling tower 
was used in place of the fan and radiator. The alternator was included 
but was not wired into the engine's electrical system. Emission control 
systems included exhaust-gas-recirculation, positive crankcase ventila- 
tion, early fuel evaporation, and an oxidation catalyst. The manufac- 
turer's engine specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of 40 hours of operation 
at various speeds and loads representative of normal engine operation. 
Table 2 contains details of the break-in schedule. A single batch of 
unleaded regular grade gasoline was used throughout the break-in and 
tests; a detailed fuel analysis is given in Table 3. Engine tests 
began on January 16, 1978 and ended on February 2, 1978. During steady- 
state tests, the engine was operated at the following speed load modes: 


Speeds: 10003) 153003 15700332 000254005 22900373300; 
3,600 rpm 


boadsS:) Os 10, 1254140. 60. 755 oO MOO DCEO: RUIN loads (Ok 
10, 25, 60, and 75 pct points were repeated for all 
engine speeds.) 


Idle speed/load modes: 650 rpm--0, 10, 16 Ib-ft 
550 rpm--15 Ib-ft 


NOtal NUMbeK OmMmeECS CaMOGdEISz an eee eee 68 
Totaly numbergrOih, WE peaieS rt crete lrenele tte ie ereh: 44 
Total® numMberwORMECSIES ine see neyueteeaeeene, sa erore WZ 


At the conclusion of the tests, the engine was motored at 1,000; 
1,500; and 2,000 rpm. At each of the speeds, the engine was motored with 
the throttle in the idle position, ignition on; throttle in the idle 
position, ignition off; and wide-open-throttle, ignition off. 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Dew point, °F 

Inlet air temperature, °F 


Speed, rpm 
Torque, lb-ft -- Daytronics strain gauge load cell 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 
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Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle angle, degrees 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

Oo, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 

NO,, ppm -- Thermo-Electron chemiluminescent detector 

oi} temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H»50 

Intake manifold temperature) ai 

Exhaust-gas-recirculation rate as determined by the intake 
manifold, C05 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury); 


r 1398.1 
P= exp par = wes 
wnere D = Dew point, °F 


2. Absolute humidity (arains moisture per pound dry air): 


_ 4347.8(P) 


: BSP 


where B = Barometric pressure, mm Hg 


3. Humidity correction factor (dimensionless): 


Ae 1 
> SOL are 


Note: This factor 1s used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4. Stoichiometric air/fuel ratio (dimensionless): 


X 
Ne. = 69(2 ae 


; Mtuel 


where x = hydrogen-carbon ratio of fuel 


y = oxygen-carbon ratio of fuel 
Mlfuel = fuel molecular weiqht per carbon atom 
= 2.01115 + 1.00797 = 600000; 


5. Hydrogen concentration in raw exhaust (percent): 


He= x(CO) (CO a (0) 
‘2 ~ “2(CO + 3C09 
where C9 Carbon monoxide concentration (percent) 


COo = Carbon dioxide concentration (percent) 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO) (Hy0) 


=, 
(CO>) (Ho) 


6. Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


(S)(CO + COo) - Ho 
W 100 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


7. Air/Fuel ratio (dimensionless): 


NO 
x 
, AFs  |(14 > - y)(CO) + (2 + 5 - y)(CO2) + 2(02) + ape - Hp 
F = : 
x HC 
Cnt Die COR COs a Cw (sr) 
wnere Oo = oxygen concentration (percent) 


NO, 
HC 


oxides of nitrogen (ppm) 
unburned hydrocarbon concentration (ppmC) 


8. Exhaust flow (pounds per hour): 


Mey = Me (1 oF AF) 


where Me = fuel flow rate (pounds per hour) 
4 


10. 


Ie 


12: 


Carbon monoxide mass emission rate (grams per hour): 


tha = ee pee!) (ts) 453.59237 
CO” | MWe %CO + 2CO, + C (ZHC) 


MWeg molecular weight of CO (28.01115) 
MWe molecular weight of fuel (12.01115 + 
1.00797x + 16.00000y ) 

fuel rate in 1bs/hour 

HC (ppm) /10* 


ue 
SHC 


Unburned hydrocarbon mass emission rate (grams per hour): 


MMC (sxc (Ms) (cy) 


Muc = el %CO + %CO, + othe (153.5023) 


MWe molecular weight of hydrocarbon 


=e iZaOitth + L00797x + 16n00000y, 


Oxides of mitrogen mass emission rate (grams per hour): 


ro, “NO, + Me 
MNOx = |THE | TOOe ly oe (CEE ead 
MWNO, = molecular weight of NOs = 46.0055 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


oo = | ua 736.6) ft + 460 
5252.113)/ \B- P 545 


engine speed (revolutions per minute) 
brake torque (1b-Ft) 

air temperature (°F) 

barometric pressure (mm Hg) 

partial pressure of water vapor in intake 
air (mm Hg) 


where 


VWtH]a 
on w o 0 


32) DISCUSSTON OR TES RESULTS 


Maximum corrected brake horsepower, maximum corrected torque, and 
brake specific fuel consumption (bsfc) are plotted as a function of 
engine speed at wide-open-throttle (WOT) in Figure 1. The maximum power 
output of the engine was found at the specified speed but was slightly 
lower than the value quoted in Table 1. The maximum torque produced by 
the engine was similar to the value quoted in Table | but was found at 
a slightly lower rpm than specified. The fuel rate was found to be 
nearly linear with power for each engine speed as can be seen in the 
plots of fuel rate versus power for each speed (Figure 2). In the low 
power output modes, the engine's oxidation catalyst was effective at 
controlling carbon monoxide (CO) and hydrocarbons (HC). As power output 
was increased, the air/fuel ratio decreased (Figure 3), resulting in 
less effective catalytic treatment of CO and HC (Figures 4 and 5). The 
oxides of nitrogen (NO,) emissions tended to peak at about 50 percent 
of maximum power for rpm's higher than 1,700 rpm (Figure 6). Beyond. 
this power level, operation at rich air-fuel ratios resulted in a 
decrease in NO, emission rates. 


/ 
| 
| 


4. CONCLUSIONS 


The experimental work to obtain performance data for the Pontiac 
301 CID engine has been completed, and these data are presented in the 
tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement, cubjeminecheSmae succes oe 301 


Maximum horsepower, bhp @ 3,600 rpm.............. 140 
Maximum tongue’, Ib=t 50 (2000 .rmomen csereensene crete tier 235 
Bore. and Strokes, .IMCHeSmyvn socuedesvensae seen tac koenars 4.00-3.00 
CONFIGUAETON A 6 we tis gore ccc ckcis sieterere oe ater SEC V-8 
COMPKESS TON ValCA Oey. cus sees ele ses tets catia orice ein ers o2e | 
EAP TING HON Clic sete <aeca che ete rotteeiemnciens tar cnet neeanca Lc Here ]-8-4-3-6-5-7-2 
Ignition timing at idle speed, BTDC @ 550 rpm.... 12 
BlOCkiMateR ial oc. vanes Suc a ckotueee eeu cne Aen ee ee one cast alloy iron 
Head materiale pyc n vaca ios came name ray uuu cr aise repentance cast alloy iron 
Number ome crankSheift main DedietinGS emer eee eee 5 
Number om, COMPRESS 1ONGRINGS/DAlSCOMe are circle 2 
NUS Chou AINcsyOISEOMNs 6 ssaodduccdooboocouood ] 
Cam GV 1iVE SEY PO acl mcs aus oeenoapereaee eaenenen ra aimee tran mies chain 
Engine sWwemghit ID ilevererenciesroxescrcheocisse sremewereeeue escuen Pets 525 
Valve lift: 
Intakes. WNCMOS Neo c.\ cu deveiciete exereteue tte lbetedororouake eke 0.364 
Exhausts, gOS. atcucjscevsrete cieuetaue, ne repaleetsucrer per wewere 0.364 
Valve timing: 
INGAKe OPENS: ei BING. ere mics cc cxe crane eeeran re one 2/ 
Intake @losesis CABG wi. taa a eae eee Pe geet 67 
EXMaliSiE OPENS! ei BBG sc cst me evereveleveeerncuetete Crane 62 
Exhalisit (CloSsesn ANG rena cuescetse sia cersyre cree $2 
Sparkplugigalp:,) ANEHES ewe vaece epee elem els 0.060 
Exhaust-gas-recirculation system: 
NEE WEES ON] 0] ayers Meer avn Hanae Pre Ururte renner ae. 3 Arla aan vacuum modulated 
Control Saignad, si tieys oruciie ere etre ieee ported vacuum, exhaust 
pressure modulated 
ROUNECOF CiSChandernca. cere cry ee eee ree ee intake manifold 
Crankcase emission control: 
Gontirollime thodey te wasae waco arene et erate positive crankcase 
ventilation 
Ponto datSehairger cc cen eee ty eae intake manifold 
CaVbDUREEON Ey De ics 255 e ey ere eee 2V downdraft 


Distributor specifications :* 
Centrifugal advance, begins, ° @ 825 rpm.... 0 
Centrifugal advance, intermediate, 


ise Cars| Ps | 0) ON (10) ee ae eam AN GSA aiding Bing cote Wel 
Centrifugal advance, full, ° @ 3,400 rpm.... 21.4 
Vacuumadvance, begins. «Cy 4eainanhGeemrrerer. 0 
Vacuum advance, maximum, °@ 12 in. Hg....... 25) 
Carburetor MUMBO Re cis s. Cele Somer nepessia ctewore Ceaionerienc riers 17058160 
Distributor number: 3 snceekeoee rene ae eee 1103314 
EGR ‘Valve NUMBER cacti si ols ieiate: eee ee eo ee eee 17056319 


*Engine rpm, crankshaft degrees: 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle Engine speed, Intake manifold Fraction ot time 


Speed, mph vacuum, in Hg Tn mode 


Mileage per cycle = 90. 
Total mileage simulated over 40 hours break-in period = 1,440. 


TABLETS. RUEL ANALYSTS 


Fue) NOM, ONG ce 28 0 aene rh aera, ens, 7718 
Researchoctame’ NO. s)teic:c ceiclers lei = cieve oil 91.8 
Motor O¢ tamenNon ics oiitas oats cee ettts ton sion 84.0 
SPECI FIG (Grawvaiey a. se, device oraste oeers eee OR 77 
ART ‘gravity. \GeGrees: shine a ameetoe oa 65.9 
Distal lhatdon.e cr: 
10. pet. evaporated nc tos as Ree eee 6 ots 123 
50 pet RN EIA Se ODN HET NN 209 
95 pct NMR IT Sis racine) dem eer ey 402 
100 pct if MERE SPRY SiR os cory ER 413 
Reid> Vapor pressures. DSi eee er eee 11.26 
FIA analysis, pct: 
AROMAT CS 555/065 cine Jel envaveuovercrane seen nolucnscetee 9 
OMS FIMSIR a ee oc meee reiereaete re ener 15 
PawratPlin'Se vcr. trois «saa eters ee ate ere 76 
SUTFURS DCE Re wcciel lnnete ene mee terres evar 0.016 
Bead, Grams perm Gal lone on ecient ero Trace 
Hydrogen/carbon atomic ratio.......... 2.038 
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CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 
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PUGURE: 1 


ENGINE, rpm 


Brake Specific Fuel Consumption, Toraue, 
and Brake Horsepower Versus Engine rpm 
at Wide-Open-Throttle--Pontiac 301 CID 
Engine. 
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FIGURE 2. Fuel Rate Versus Power at Various 
Speed and Load Conditions-- Pontiac 
301 CID Engine. 
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FIGURE 3. Air Fuel Ratio Versus Power at Various 
Speed and Load Conditions--Pontiac 
301 CID Engine. 
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FIGURE 4. 
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Carbon Monoxide Emissions Versus Power 


at Various Speed and Load Conditions-- 
Pontiac 301 CID Engine. 
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HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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Hydrocarbon Emissions Versus Power at 
Various Speed and Load Conditions-- 
Pontiac 30] CID Engine. 
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FIGURE 6. Oxides of Nitrogen Emissions Versus 
Power at Various Speed and Load 
Conditions--Pontiac 301 CID Engine. 
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